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SYSTEM AND METHOD OF MEASURING 
FILM HEIGHT ON A SUBSTRATE 

TECHNICAL FIELD 

[0001] Embodiments of the invention relate to systems of 
?lm height measurements and methods of measuring ?lm 
height on a substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] In the accompanying drawings: 
[0003] FIG. 1 schematically illustrates an optical measure 
ment system in a side vieW; 
[0004] FIG. 2 schematically illustrates a substrate in a top 
vieW according to an embodiment; 
[0005] FIG. 3 schematically illustrates an unstructured sub 
strate in a top vieW according to a further embodiment; 
[0006] FIG. 4 schematically illustrates a structured sub 
strate in a top vieW according to a further embodiment; 
[0007] FIG. 5 illustrates a characterization of ?lm height 
values as a response to different color values according to a 

further embodiment; 
[0008] FIG. 6 schematically illustrates a ?oW chart of 
method steps for performing measurement of ?lm heights; 
and 
[0009] FIG. 7 schematically illustrates a fabrication unit 
and a measurement system according to a further embodi 
ment. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0010] Embodiments of methods and systems measuring 
?lm height on a substrate are discussed in detail beloW. It is 
appreciated, hoWever, that the present invention provides 
many applicable inventive concepts that can be embodied in a 
Wide variety of speci?c contexts. The speci?c embodiments 
discussed are merely illustrative of speci?c Ways and do not 
limit the scope of the invention. 
[0011] In the folloWing, embodiments of the method and 
the system are described With respect to measuring ?lm 
height on a substrate during manufacturing of an integrated 
circuit. The embodiments, hoWever, might also be useful in 
other respects, e.g., improvements in process control, 
improvements in identifying lot to lot variations of a layout 
pattern, yield enhancement techniques or the like. 
[0012] Furthermore, it should be noted that the embodi 
ments are described With respect to ?lm height measurements 
during production of integrated circuits but might also be 
useful in other respects and can be applied during manufac 
turing of other products, e.g., semiconductor circuits, thin 
?lm elements. Other products, e.g., liquid crystal panels or 
the like might be produced as Well. 
[0013] FIG. 1 illustrates basic elements of a photometric 
measurement system 100 shoWn in a side vieW. It should be 
noted, hoWever, that FIG. 1 serves merely illustrative pur 
poses and therefore does not provide full functionality of a 
photometric measurement system. Those skilled in the art 
Will appreciate that there are many variations possible. 
[0014] According to an embodiment of the invention the 
photometric measurement system 100 includes a radiation 
source 120 Which is con?gured to emit a beam of radiation 
110 onto a substrate 140. The light source 120 can be a lamp 
or a laser emitting radiation having a plurality of Wavelengths 
in the visible range, i.e., serving as a polychromatic light 
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source. The term “visible range” includes Wavelength starting 
at about 300 nm up to approximately about 800 nm. 
[0015] The emitted beam 110 is focused on the substrate 
140. Focusing can be performed by employing a lens 130 
together With an aperture stop 135 Which are arranged 
betWeen the radiation source 120 and the substrate 140. Fur 
thermore, other optical devices like a polariZer for providing 
a linear, elliptical or radial polariZed beam can be employed 
as Well. 

[0016] Substrate 140 re?ects the incoming beam 110 from 
the surface as re?ected beam 150. The re?ected beam 150 
shoWs an interfering behavior Which results in a characteristic 
interference color depending on various properties of the 
surface of the substrate 140 as generally knoWn With respect 
to interference colors of thin ?lms on a substrate. It should be 
noted that the term “interference color” refers to a spectral 
color described by monochromatic light as Well as a color 
value described by a composition of several Wavelengths. 
[0017] When a substrate 140 is coated With a layer on top of 
an optically re?ecting surface, the color depends upon other 
properties of the ?lm thickness of the layer, optical properties 
of the layer, the angle of incidence and the material properties 
of the layer. 
[0018] Accordingly, a measurement of the color value is 
related to the ?lm height of the layer on substrate 140. Fur 
thermore, during manufacturing of integrated circuits the 
layer on top of substrate 140 can be manufactured such that 
the optical and material properties of the layer do not signi? 
cantly vary. Accordingly, measurement of the color can be 
directly related to ?lm thicknesses. 
[0019] In order to perform measurements of color values, 
the re?ected beam 150 is sampled on a detector 160. As 
shoWn in FIG. 1, beam 110 is at least partially re?ected from 
substrate 140. The re?ected beam 150 is collected and 
directed to the detector 160 Which generates signals corre 
sponding to a measured color value, for example. The output 
signals of detector 160 are transmitted to a processor Which 
calculates pro?le parameters by evaluating the signals of the 
detector. The re?ected beam 150 can be collected by a lens 
170 and subjected to a further aperture stop 180, as shoWn in 
FIG. 1. 

[0020] For manufacturing of integrated circuits, the surface 
of substrate 140 is typically patterned in different illumina 
tion areas Which can be structured using a lithographic pro 
jection apparatus having an Excimer laser as a light source, 
for example. Light coming from the light source is projected 
through a photomask, Which comprises a mask pattern, i.e., 
being composed of light absorptive or light attenuating ele 
ments. 

[0021] The mask pattern is derived from a layout pattern 
Which can be provided by a computer aided design system, in 
Which structural elements of the layout pattern is generated 
and stored. The different illumination areas can be succes 
sively projected onto substrate 140. Typically, different illu 
mination areas are surrounded by a cutting frame in Which test 
structures or other elements not required for a functional 
circuit are arranged. 
[0022] As shoWn in FIG. 1, the incident beam 110 can have 
a spot siZe being smaller than about 50 pm, for example. It is 
also conceivable to reduce the spot siZe to about 1 pm by 
employing suitable optical elements, like lenses 130 and 170. 
Furthermore, it is also possible that the beam 110 illuminates 
substrate 140 in a direction being perpendicular to the surface 
of substrate 140. This canbe achieved by using a beam splitter 
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between radiation source 120 and substrate 140, Which 
directs part of the re?ected beam toWards detector 160 (not 
shoWn in FIG. 1). 
[0023] In order to evaluate the signals, a measurement tool 
is provided Which alloWs for absolute ?lm height thickness 
measurements. For example, an ellip someter or scatterometer 
can be used to determine the absolute ?lm height thickness for 
one or more speci?c sample points While in regions betWeen 
the sample points the color or color differences are used to 
determine thickness values of the layer. 
[0024] It should be noted that the interference color deter 
mined during a photometric measurement can change its 
value for different ?lm heights according to characteristic 
rainboW color spectrum, i.e., starting from violet, blue, yel 
loW, green, red and then violet again, Which repeats for dif 
ferent orders of interferences. Depending on coherency or 
light emitting area of radiation source 120, it is also possible 
to achieve non-spectral colors, i.e., a superposition of several 
Wavelengths Which are described by color values. 
[0025] By comparing different color values at neighboring 
positions on substrate 140, a color map can be measured. By 
calibrating the color map With one absolute measurement, 
e.g., using scatterometry or the like, the ?lm height differ 
ences betWeen adjacent positions on the substrate can be 
translated into absolute ?lm height values by observing the 
interference color sequence of the layer under investigation. 
[0026] This is noW further illustrated making reference to 
FIG. 2. FIG. 2 shoWs substrate 140 inatop vieW. The radiation 
source illuminates a slit like area 200 having a Width 210 of 
about 50 pm or less. The re?ected light is collected for a 
plurality of measurement sample points along area 200. By 
determining color values for the sample points along the 
Whole slit like area 200, it is possible to calculate the ?lm 
height after providing at least one absolute measurement. 
[0027] Furthermore, it is possible to move the substrate 140 
underneath the illumination area 200 so as to arrive at many 
color values for the Whole substrate. This can be achieved by 
either moving the substrate 140 on a holder together With a 
rigidly installed measurement system 100. Other options, 
including proper light guides or moving the measurement 
system 100 instead of the substrate 140 or moving both the 
measurement system 100 and the substrate 140 are conceiv 
able as Well. 

[0028] Accordingly, it is possible to calculate a set of ?lm 
height values Which are stored in a memory and can be com 
pared to actual measurements, so as to arrive at a complete 
map of ?lm height values for a plurality of sample points. It 
should be noted, hoWever, that many other possible 
approaches can be used in order to arrive at a sample param 
eter. For example, the measurements can be performed itera 
tively or subsequently for different sample points on the sub 
strate 140. 

[0029] FIG. 2 shoWs a substrate 140 in a top vieW. The 
radiation source illuminates a slit like area 200 having a Width 
of about 50 pm or less. The re?ected light is collected for a 
plurality of measurement sample points along area 200. By 
determining color values for the sample points along the 
Whole slit like area 200 and by moving the substrate 140, it is 
possible to calculate color values for the Whole substrate. 
[0030] For an unstructured substrate 140, i.e., a substrate 
having a planar surface, the color values can be translated into 
?lm height values by providing at least one absolute measure 
ment. As indicated in FIG. 3, the absolute value of the ?lm 
height is determined at point 300. Under the assumption that 
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neither step like variations of ?lm heights nor step like varia 
tions of material properties of the layer are present, the chang 
ing color map can be translated into ?lm heights, as described 
above. 
[0031] FIG. 3 shoWs a substrate 140 in atop vieW. As shoWn 
in FIG. 3, the ?lm height differences provided by the photo 
metric measurements are converted into absolute values of 
the ?lm height starting at point 300 and moving radially 
outside along directions 310. 
[0032] In FIG. 4, a further embodiment is described With 
respect to a partially structured substrate, i.e., a substrate 
having been subjected to an etching or deposition step in a 
previous process sequence. Typically, regions in the cutting 
frame are not affected by these processing steps leaving at 
least a partial unstructured area in the cutting frame next to 
active layers of an integrated circuit. After the previous pro 
cess sequence a layer is deposited on the entire substrate 140. 
[0033] FIG. 4 shoWs a substrate 140 in a top vieW. The 
radiation source illuminates a slit like area having a Width of 
about 50 pm or less. The re?ected light is collected for a 
plurality of measurement sample points. By determining 
color values for the sample points along the Whole slit like 
area and by moving the substrate 140, it is possible to calcu 
late color values for interference colors for the Whole sub 
strate. 

[0034] For the partially structured substrate 140, i.e., a sub 
strate having a planar surface, the color values can only be 
derived in regions Within the cutting frame. Furthermore, at 
least one absolute measurement is necessary in order to trans 
late color values into ?lm height values. 
[0035] As indicated in FIG. 4, the absolute value of the ?lm 
height is determined at point 400. Under the assumption that 
neither step like variations of ?lm heights nor step like varia 
tions of material properties of the layer are present, the chang 
ing color map can be translated into ?lm heights, as described 
above. 
[0036] As shoWn in FIG. 4, the ?lm height differences 
provided by the photometric measurements are converted 
into absolute values of the ?lm height starting at point 400 and 
moving along a path 410 radially outWard Which is com 
pletely embedded in the cutting frame. 
[0037] In order to arrive at ?lm height differences the color 
value can be further investigated by providing a characteristic 
of ?lm height differences versus interference color for several 
orders of interference. 
[0038] As shoWn in FIG. 5, the ?lm height values are shoWn 
as a response to different interference color values according 
to a further embodiment. 

[0039] Here, color values according to characteristic inter 
ference colors, i.e., starting from and successively repeating 
violet, blue, yelloW, green, red and then violet again are 
shoWn together With the associated ?lm height differences 
derived by absolute calibration using, for example, a suitable 
spectroscopic measurement tool for one color value 510. It 
should be noted that the characteriZation of curve 500 can also 
be derived from theoretical model calculations. 
[0040] In FIG. 6, a ?oW diagram is shoWn With individual 
process steps capable of measuring dimensional parameters 
of structures on a substrate. 

[0041] In step 610 a substrate is provided being coated With 
a layer having a nominal ?lm height. 
[0042] In step 620 a radiation source is provided con?gured 
to emit a beam of radiation having a Wavelength in the optical 
range. 
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[0043] In step 630 the substrate is illuminated With the 
beam of radiation for at least tWo positions. 
[0044] In step 640 a signal for at least tWo positions is 
detected Which corresponds to radiation being re?ected from 
the substrate. 
[0045] In step 650 a ?lm height difference of the layer is 
calculated. 
[0046] As an example, semiconductor products usually 
require coating of a layer. According to an embodiment of the 
invention it is noW possible to measure layer thicknesses even 
Without employing other technologies like ellipsometry, 
re?ectometry or scanning electron microscopy of a Wafer 
cutted along the surface axis Which is either time-consuming 
or may destroy the substrate 140. 
[0047] As systems of measuring ?lm height values on a 
substrate can be readily implemented into a fabrication unit of 
semiconductor manufacturing equipment, it is possible to 
achieve in situ measurements of layers having either struc 
tured or unstructured surfaces. 
[0048] As shoWn in FIG. 7, a fabrication unit for manufac 
turing an integrated circuit can include a fabrication tool 700 
capable of coating the substrate 140 With the layer. The sub 
strate 140 is delivered to the measurement system 100 via a 
load port and a handler 702. The measurement system 100 can 
illuminate the substrate With the beam of radiation for at least 
tWo positions and the detector can record at least tWo signals. 
[0049] The signals are forWarded via lines 706 to processor 
720 Which is capable of calculating a ?lm height difference of 
the layer based on layer re?ected beam signals for the at least 
tWo positions. The substrate 140 is forWarded to the absolute 
measurement system 710 Which provides a ?lm height for a 
speci?c point, as explained With respect to FIGS. 3 and 4. The 
processor is furthermore con?gured to control the fabrication 
unit based on the ?lm height difference. 
[0050] Having described embodiments of the invention, it 
is noted that modi?cations and variations can be made by 
persons skilled in the art in light of the above teachings. It is 
therefore to be understood that changes may be made in the 
particular embodiments of the invention disclosed Which are 
Within the scope and spirit of the invention as de?ned by the 
appended claims. 
[0051] Having thus described the invention With the details 
and the particularity required by the patent laWs, What is 
claimed and desired to be protected by Letters Patent is set 
forth in the appended claims. 

What is claimed is: 
1. A method of measuring ?lm height values on a substrate, 

the method comprising: 
providing a radiation source con?gured to emit a beam of 

radiation in an optical range onto a substrate being 
coated With a layer having a nominal ?lm height; 

illuminating the substrate With the beam of radiation at 
least tWo positions; 

detecting at least tWo signals, the signals corresponding to 
a respective part of the beam of radiation being re?ected 
from the substrate for the at least tWo positions; and 

calculating a ?lm height difference of the layer based on 
the re?ected beam signals for the at least tWo positions. 

2. The method according to claim 1, further comprising 
providing a measurement tool, the measurement tool being 
capable of measuring ?lm height values. 

3. The method according to claim 2, Wherein the measure 
ment tool measures a ?rst ?lm height value at a ?rst of the at 
least tWo positions. 
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4. The method according to claim 3, Wherein a second ?lm 
height value at a second of the at least tWo positions is calcu 
lated using the ?lm height difference of the layer and the ?rst 
?lm height value. 

5. The method according to claim 1, Wherein providing the 
substrate further comprises providing the substrate With a 
partially structured surface that is coated With the layer. 

6. The method according to claim 5, Wherein the beam 
illuminates the substrate in an unstructured region. 

7. The method according to claim 1, Wherein providing the 
substrate further comprises providing the substrate With a 
planar surface coated With the layer. 

8. A method of measuring dimensional parameters of struc 
tures on a substrate, the method comprising: 

providing a substrate coated With a layer having a nominal 
?lm height; 

providing a photometric system, the photometric system 
having a radiation source con?gured to emit a beam of 
radiation and con?gured to illuminate the substrate With 
the beam of radiation at least tWo positions and having a 
detector con?gured to detect at least tWo signals, the 
signals corresponding to a respective part of the beam of 
radiation being re?ected from the substrate for the at 
least tWo positions; and 

calculating a ?lm height difference of the layer based on 
the re?ected beam signals for the at least tWo positions. 

9. The method according to claim 8, further comprising 
coupling a processor to the signals, the processor calculating 
the ?lm height difference based on the beam signals. 

10. The method according to claim 8, Wherein the beam is 
transmitted onto the substrate under an angle relative to a 
surface of the substrate. 

11. The method according to claim 8, Wherein the beam 
emits polychromatic radiation in a visible range. 

12. The method according to claim 8, Wherein the beam 
illuminates the substrate having a beam spot diameter smaller 
than about 50 um. 

13. The method according to claim 11, Wherein the beam 
illuminates the substrate having a beam spot siZe diameter 
than about 1 pm. 

14. The method according to claim 8, Wherein the detector 
records a color value of the re?ected beam as a signal. 

15. The method according to claim 8, further comprising 
providing a measurement tool, the measurement tool being 
capable of measuring a ?rst ?lm height value at a ?rst of the 
at least tWo positions and a second ?lm height value at a 
second of the at least tWo positions is calculated using the ?lm 
height difference of the layer and the ?rst ?lm height value. 

16. A system for measuring dimensional parameters of 
structures on a substrate, the system comprising: 

a photometric system, the photometric system having a 
radiation source con?gured to emit a beam of radiation 
having a Wavelength in an optical range and con?gured 
to illuminate a substrate coated With a layer With the 
beam of radiation at least tWo positions, the photometric 
system further comprising a detector con?gured to 
detect at least tWo signals, the signals corresponding to a 
respective part of the beam of radiation being re?ected 
from the substrate for the at least tWo positions; and 

a processor coupled to the photometric system to calculate 
a ?lm height difference of the layer based on the 
re?ected beam signals for the at least tWo positions. 

17. The system according to claim 16, Wherein the beam 
emits radiation having a monochromatic Wavelength. 
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18. The system according to claim 16, wherein the beam 
illuminates the substrate having a beam spot diameter smaller 
than about 50 um. 

19. The system according to claim 18, Wherein the beam 
illuminates the substrate having a beam spot diameter smaller 
than about 1 pm. 

20. The system according to claim 16, Wherein the detector 
records a color value of the re?ected beam as a signal. 

21. The system according to claim 16, further comprising a 
measurement tool, the measurement tool con?gured to mea 
sure a ?rst ?lm height value at a ?rst of the at least tWo 
positions and a second ?lm height value at a second of the at 
least tWo positions. 

22. A system of measuring ?lm height values on a sub 
strate, the system comprising: 
means for providing a substrate being coated With a layer 

having a nominal ?lm height; 
means for providing a radiation source con?gured to emit 

a beam of radiation having a Wavelength in an optical 
range; 

means for illuminating the substrate With the beam of 
radiation for at least tWo positions; 

means for detecting at least tWo signals, the signals corre 
sponding to a respective part of the beam of radiation 
being re?ected from the substrate for the at least tWo 
positions; and 
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means for calculating a ?lm height difference of the layer 
based on the re?ected beam signals for the at least tWo 
positions. 

23. The system according to claim 22, Wherein means for 
detecting at least tWo signals comprise a photochromic sys 
tem. 

24. A fabrication unit for manufacturing an integrated cir 
cuit, the fabrication unit comprising: 

a fabrication tool capable of coating a substrate With a 
layer; 

a photometric system, the photometric system having a 
radiation source con?gured to emit a beam of radiation 
having a Wavelength in an optical range and con?gured 
to illuminate the substrate With the beam of radiation for 
at least tWo positions and a detector con?gured to detect 
at least tWo signals, the signals corresponding to a 
respective part of the beam of radiation being re?ected 
from the substrate for the at least tWo positions; and 

a processor capable of calculating a ?lm height difference 
of the layer based on the re?ected beam signals for the at 
least tWo positions. 

25. The fabrication unit according to claim 24, Wherein the 
processor is con?gured to control the fabrication unit based 
on the ?lm height difference. 

* * * * * 


